ABSTRACT: The germination of seeds of Araucaria angustifolia (Brazilian Pine) is generally a slow and fastidious process that causes loss of many seeds because of the incidence of pathogens. The objective of this study was to evaluate whether seeds with cut edges present greater germination percentages or precocity when compared to untreated, normal seeds. The experimental design was completely randomized design with 100 pre-cut and 100 non-treated seeds. The experiment was installed twice, in 1998 and 1999, from fresh seeds. Pre-cut seed germination was higher: 92 and 95% respectively, whereas whole seed germination was 60 and 64% in the two experiments. Seedlings originated from pre-cut seeds were uniform and showed less fungal contaminants. 
INTRODUCTION
Araucaria angustifolia (Bert.) O. Ktze., also known as Brazilian Pine and Parana Pine, is a typical species from the Brazilian subtropical forest, and occurs mainly in the states of Rio Grande do Sul, Santa Catarina, Paraná and São Paulo (Hueck, 1972) . Isolated occurrences can be found in the states of Rio de Janeiro and Minas Gerais. This species used to be explored indiscriminately, because of its high economical value, related to the high quality of its wood.
One of the factors that make seedling production hard to achieve in this species is that seeds are recalcitrant, since they possess a high degree of humidity right after maturation and lose viability when dehydrated to levels that are still relatively high, between 12 and 35% (Roberts, 1973) .
Viability loss in these seeds occurs in a few months (Prange, 1963; Aquila & Ferreira, 1984; Eira et al., 1994) and their use in forest plantings must take place in up to 45 days after dispersion (Vernalha et al., 1972) .
Results from studies on the germination of forestry species show that scarification increases the percentage of germination in all studied species (Acuña & Garwood, 1987) . Several types of seed cuts are also utilized to provide a uniform and early germination. A survey in the available literature showed that many experiments have been carried out to improve seed germination in araucaria and, in some of them, several types of cuts were performed in the seeds (Ramos & Bianchetti, 1990; Eira et al. 1991) . By and large, such cuts favored seed germination (Aquila & Ferreira, 1984; Eira et al. 1991) . However, since these preconized cuts are too complex, their utilization for obtaining a large amount of arau-caria seedlings would become difficult. Therefore, a more simple and effective process is needed to solve this hindrance once and for all.
Considering that no practical recommendations exist concerning a suitable method for the germination of this species in the Regras para Análise de Sementes (Regulations for Seed Analysis) (Brasil, 1992) , the objectives of this study were to evaluate the effect of cuts in araucaria seeds and to provide technical references for its large scale utilization.
MATERIAL AND METHODS
The araucaria seeds utilized in this experiment were collected on the ground around five randomly-chosen stock trees, in Campos do Jordão, SP, Brazil, (22°41'S and 45°27'W). Two collections were taken, and the same stock trees were utilized (April 1998 and April 1999) . The experiments were conducted in a greenhouse in Piracicaba, SP.
The seeds were placed in a container filled with water, and only seeds that sank were selected and then uniformized by size and divided into two lots (A and B), of 100 seeds each. Seeds in lot A were cut and those in lot B remained intact. All seeds were treated with sodium hypochlorite at 2% for 30 minutes and then rinsed in running water. The cut consisted in the removal, with a sharp cutter, of approximately 3 mm from the tip of each seed, without damaging the endosperm and the radicle (Figure 1) . Immediately after cutting, seeds were sown in 2 plastic trays (one for each treatment) at 10 cm depth, containing river sand that was washed and sterilized by autoclaving for 2 hours at 121ºC. Seeds were allowed to germinate in the horizontal position, covered by 1 cm of sand. After planting, the two lots were periodically irrigated as needed, and the same volume of water was consistently utilized for the two treatments up to two months after the installation of the experiment; number of germinated seeds was assessed every other week. The normal seedling criterion prescribed in the Regras para Análise de Sementes (Brasil, 1992) was adopted as an adequate standard to evaluate the germination test.
Results were evaluated statistically, and the test for proportion differences (Costa-Neto, 1977) was utilized. Comparisons between germination times for the two seed treatments and between the two years of experimentation were evaluated at P = 0.05. The descriptor levels of P values for this test were calculated and the decision rule was to reject the H 0 hypothesis when P < 0.05.
RESULTS AND DISCUSSION
Differences were detected between the treatments in each time studied, i.e., the proportion of cut seeds that germinated was greater than the proportion of whole seeds in all studied times (Figure 2 ). The descriptor level of the P value in this test for comparison between treatments ranged from 0.000 to 0.006 and the null hypothesis was rejected. Therefore, the two treatments were different between themselves, at a high significance level.
However, when the two years were compared for the two treatments under consideration, no significant difference was detected, i.e., there were no differences between years within the same period in all times that were studied. In addition, the P value ranged from 0.389 to 0.869, thus ensuring that there was no difference in behavior from one year to the next. In the first year, there was 92% germination, with uniform seedling development in the lot where seed tips were sectioned. In lot B, where seeds remained intact, germination was only 60% during this period and part of the seedlings were contaminated by fungi. In yet another study on the germination of araucaria seeds with and without seed cuts, Aquila et al. (1984) observed, at 60 days, 69% germination for scarified or cut seeds and 34% for whole seeds. The values found by Aquila et al. (1984) , in spite of being a little lower in the two treatments with regard to ratios, are proportional to those obtained in the present study, and the cause could be related to the quality of the seed lot. Even though the germination percentage results are similar in the two studies, operational advantages were obtained in the present work because cutting was easy.
In 1999, lot A started to germinate five days after the installation of the experiment, while in lot B germination only started 13 days after sowing. By the end of 60 days, 95% of the treated (cut) seeds had germinated, while only 64% of the whole seeds germinated (Figure 2) . Again, seedlings from cut seeds were normal, according to the rules for seed analysis (Brasil, 1992; Rodrigues, 1988) . These seedlings showed vigorous development of roots and shoots, while many of those from intact seeds showed a stunted or contorted root system, which caused death to many of them. The phytosanitary conditions in seedlings from lot A were also excellent, whereas serious contamination occurred in the other by opportunistic fungi that managed to colonize the roots of seedlings resulting from intact seeds. The fact that intact seeds always obtain lower germination rates can be explained by the mechanical impediment exerted by the wrappers, preventing seed expansion and making imbibition difficult (Ferreira & Handro, 1979; . Whole seeds take longer to germinate, and the epicotyl only develops when it is totally free from the endosperm, i.e., when the cotyledons are sufficiently dilated, to the point where the embryo axis is completely external relative to the seed (Doni Filho et al., 1985) .
Similar results were found in other studies with A. angustifolia, conducted in forest and field soils, to test seed viability and humidity content on germination, by means of different types of cuts, including transverse and longitudinal cuts Aquila & Ferreira, 1984; Doni Filho et al., 1985; Ramos & Bianchetti, 1990) . Ferreira (1977) , utilizing paper as substrate, and Cardemil & Reinero (1982) , utilizing vermiculite for germination of Araucaria araucana seeds, also reported that different types of cuts induced better germination. All these studies were conducted under settings that were different from the present work, since they induced germination by means of much more complex cutting processes or even by the complete removal of the integument. These procedures are labor-intensive and could impede the production of large amounts of seedlings, as it is necessary in nursery operations aimed at reforestation. The method we describe, however, consists of a small cut at the tip of the seed, which is simple to perform, resulting in early and uniform araucaria seed germination.
